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(57) A method and a machining centre are disclosed
for machining plates made of marble, granite, ceramics,
quartz or the like, in which a point on an upper face of a
first plate, a point on the lower face of the first plate, a
point on an upper face of a second plate and a point on
the lower face of the second plate is detected, and in

METHOD AND MACHINING CENTRE FOR PLATES

which, in a portion of the lower face of at least one of the
two plates, a thickness of material is removed that is
equal to a sizing value calculated on the basis of the
aforesaid detection of points, so that, when the two plates
are placed alongside to form a worktop, the joint area
thereof is regular.
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Description

Background of the invention

[0001] The invention relates to a method and/or a ma-
chining centre for machining plates, in particular for ma-
chining plates made of marble, granite, stone, glass,
quartz, ceramics, brick, agglomerates (of glass and/or
ceramic materials and/or quartz and/or synthetic mate-
rials and/or still other materials), etc.

[0002] Specifically but not exclusively, the invention
can be applied to place two or more stiff plates alongside
one another so as to make a continuous worktop, for
example a worktop of a kitchen.

[0003] When forming aworktop by placing two or more
stiff plates alongside one another, it is desirable for the
thus formed worktop to be devoid of discontinuity and/or
irregularity in the joint area of the plates. Nevertheless,
the plates used can have thicknesses that are not exactly
the same as one another, resulting in the formation of a
worktop that is unsuitable because it would have discon-
tinuities that are detectable visually and/or by touch in
the jointareas. Itis thus necessary, in general, to perform
sizing or one or more of the plates used so that the work-
top obtained by bringing the plates alongside is regular.
IT9085548A1 discloses a sizing machine for semi-fin-
ished plate-like objects of marble. EP2998811A1 disclos-
es an electronic-control apparatus for machining work-
pieces.

[0004] The sizing methods of the prior art nevertheless
have certain limits and drawbacks. In particular, it is pos-
sible to detect sizing imprecisions when the plates to be
calibrated not only have different thicknesses, but are
also burdened by shape defects (for example bending
and/or interruptions) so that the sizing thereof may be
imperfectand the worktop obtained by bringing the plates
alongside one another may not be acceptable because
of irregularities in the joint area of the plates.

Summary of the invention

[0005] Oneobjectoftheinventionistopropose a sizing
method that is able to obviate the aforesaid drawback of
the prior art.

[0006] One object is to form an alternative solution to
the problem of calibrating stiff plates intended to form a
worktop, in order to avoid the formation of irregularities
in the joint area of the plates.

[0007] Oneadvantage istoimprove the calibrating pre-
cision of stiff plates that can be placed alongside one
another to form a regular and uniform worktop, for exam-
ple a worktop of a kitchen.

[0008] Oneadvantageis to significantly reduce orcom-
pletely eliminate any geometric defect in the joint area of
the plates, i.e. when the plates are placed alongside one
another to form a continuous horizontal worktop.

[0009] One advantage is to permit effective sizing also
in the event of plates with different thicknesses and with
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shape defects, in particular defects like for example
bending and warping that cause a plate to be not flat.
[0010] One advantage is to make available a machin-
ing centre that is constructionally simple and cheap to
perform sizing of plates.

[0011] Such objects and advantages, and still others,
are achieved by a method and/or a machining centre
according to one or more of the claims set out below.
[0012] In one embodiment, a method for machining
plates comprises the steps of detecting at least one point
on a first face (for example an upper face) of a first plate,
at least one point on a second face (for example a lower
face) of the first plate, at least one point on a first face
(for example an upper face) of a second plate and at least
one point on a second face (for example a lower face) of
the second plate, and in which material is removed from
a portion of the first face and/or from a portion of the
second face of at least one of the two plates on the basis
of at least one sizing value calculated on the basis of the
aforesaid detections of at least four points, so that, when
the two plates are placed alongside one another to form
a worktop (for example a worktop of a kitchen ), the joint
area of the two plates is regular and devoid of defects.
[0013] The aforesaid detections can be performed, in
particular, by feeler means, for example of mechanical
or electronic type. The feeler means can be moved by
controlled axes of a numerically controlled machining
centre. The feeler means can comprise, in particular, two
feelers configured to perform a double detection of two
points located on two opposite (upper and lower) faces
of aplate, or a single feeler configured to detect two points
situated on two opposite (upper and lower) faces of a
plate. The aforesaid detections can be used, in particular,
to determine the thicknesses of the two plates and to
calculate the sizing value as a difference between the
two thicknesses.

Short description of the drawings

[0014] Theinvention can be better understood and im-
plemented with reference to the attached drawings that
illustrate one embodiment thereof by way of non-limiting
example, in which:

Figure 1 shows a perspective view of one embodi-
ment of a numerically controlled machining centre
according to the invention;

Figure 2 shows a vertically raised view of a machin-
ing zone of a plate in the machining centre of Figure
1;

Figure 3 is a diagram that shows, from above, a step
of machining the plate performed in the machining
zone of Figure 2 and, below, highlights the meas-
urements that are detectable during the aforesaid
machining step;

Figure 4 shows a set of plates placed alongside one
another to form a worktop of a kitchen, to show better
the object of the machining of the plate shown in
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Figure 3;

Figure 5 shows schematically some steps of the
method of machining the plates illustrated in Figure
4

Figure 6 is an enlarged perspective view of a detec-
tion unit used in the machining centre of Figures 1
and 2.

Detailed description

[0015] With reference to the aforesaid figures, with 1
a numerically controlled machining centre has been
shown overall (with two, three, four, five or more control-
led axes), for machining plates, in particular for machin-
ing plates made of marble, granite, stone, glass, quartz,
ceramics, agglomerates (of glass and/or ceramic mate-
rials and/or quartz and/or synthetic materials and/or still
other materials), etc. The plates are intended to be placed
contiguously alongside one another so as to be a con-
tinuous worktop, for example a worktop of a kitchen.
[0016] The numerically controlled machining centre 1
comprises at least one support plane configured to re-
ceive at least one plate 2. The support plane can com-
prise, in particular, locking means for locking the plate in
an operating position. This locking means can comprise,
in particular, sucking means, for example comprising a
plurality of suction cups 3.

[0017] The numerically controlled machining centre 1
may comprise, in particular, at least one portal 4 arranged
above the support plane. The machining centre 1 com-
prises at least one operating unit 5 supported by the
aforesaid portal 4. The operating unit 5 is movable above
the support plane along at least two or three controlled
axes. The operating unit 5 may be provided, in particular,
with two or three controlled linear axes and at least one
or two controlled rotation axes (for example, at least one
controlled vertical rotation axis). The operating unit5 may
be provided, in particular, with three controlled linear ax-
es X, Y, Z and one, two or more controlled rotation axes.
[0018] Theoperating unit5may comprise, in particular,
a tool holder configured to carry one or more tools in an
interchangeable manner. The operating unit 5 may com-
prise, in particular, a tool holder spindle.

[0019] The operating unit 5 can be operationally asso-
ciated, in particular, with at least one detection unit 6
coupled removably with the aforesaid tool holder. This
detection unit 6 may comprise, in particular, a suitable
connection for removable and interchangeable coupling
with the aforesaid spindle tool holder. The detection unit
6 can be removed from a tool holder magazine and re-
turned after use to the tool holder magazine (for example
in a known manner).

[0020] In a further embodiment (not shown), the de-
tection unit 6 can be independent of the operating unit 5
and can be arranged on a slide coupled with the portal
4. In this case, the detection unit can be provided with
three controlled linear axes X, Y, Z and one, two or more
controlled rotation axes.
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[0021] The detection unit6 may comprise, in particular,
at least one upper feeler 7 that is able to operate on a
first face (for example an upper face) of each plate 2 and
at least one lower feeler 8 that is able to operate on a
second face (for example a lower face) of each plate
opposite the firstface. The detection unit6 may comprise,
in particular, a structure (for example a C-shaped struc-
ture) that carries the upper feeler 7 and the lower feeler
8. The structure can be, in particular, rotatable around a
vertical rotation axis (for example one of the controlled
axes of the numerically controlled machining centre 1).
The upper feeler 7 and the lower feeler 8 can be, in par-
ticular, mechanical feelers, although it is possible to use
other types of feelers, like for example electronic feelers
comprising optical, or acoustic, or magnetic, or capacitive
or inductive sensors.

[0022] In a further embodiment, the detection unit may
comprise a single feeler that can be moved by the con-
trolled axes operationally associated with the operating
unit 5, or can be moved by the controlled axes thereof
(independent of the controlled axes associated with the
operating unit 5). The aforesaid single feeler can be so
moved as to perform atleast one feeler on the first (upper)
face and at least feeler on the second (lower) face.
[0023] The numerically controlled machining centre 1
comprises programmable electronic control means (for
example, an electronic processor) configured to control
the numerically controlled machining centre 1. The con-
trol means may be configured, in particular, to control the
operating unit 5 (or the aforesaid slide that carries the
feeler means and moves the feeler means along control-
led axes) so as to carry out a machining method to cali-
brate the plates.

[0024] In one specific and non-limiting embodiment,
this machining method comprises the step of coupling
the detection unit 6 with the operating unit 5 (or with the
aforesaid slide) and performing a series of detections on
two or more suitably arranged plates 2, for example se-
quentially and one after the other, on the horizontal sup-
port plane. Each detection by the upper feeler 7 and the
lower feeler 8 (or by a single feeler provided with suitable
movement) detects at least one point on the upper face
and at least one point on the lower face of the plate.
Figure 5 shows, merely by way of example, six points
PO, P1, P2, P3, P4, P5 detected on the upper face of a
first plate, three points P5A, P6, P7 detected on the upper
face of a second plate, four points P7A, P8, P9, P10
detected on the upper face of a third plate. For each of
the points PO, P1, ..., P10 detected on the upper face by
the upper feeler 7, there are corresponding points de-
tected on the lower face by the lower feeler 8. Each pair
of detections (performable also by a single feeler) can
be used to determine a plate thickness at the zone of
performance of the detections.

[0025] In order to perform the detections, in particular
detections that are suitable for knowing the vertical po-
sition of each detected point (both on the upper face and
on the lower face of the plate 2), the detection unit 6 can
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be moved in a vertical direction by the operating unit 5
by the numeric control (movement along the axis Z). The
detection unit 6 can be further moved in a horizontal di-
rection by the operating unit 5 by the numeric control
(movements along the axis X and/or along the axis Y).
The detection unit 6 can be further rotated around a ver-
tical axis by the numeric control to facilitate measuring
along two or more faces of the perimeter of the plate.
[0026] Itis noted thatdetecting points both onthe upper
face and on the lower face of the plate enables at least
one actual thickness S of the plate to be determined. This
thickness S, in the event of a shape defect of the plate 2
(for example a curvature of the plate, as visible in Figure
3), might not correspond to the distance D between the
upper face of the plate and the support plane of the plate.
The aforesaid detection of at least one pair of points on
the opposite faces of the plate thus enables possible
shape defects (curvature and/or disconnections) of the
plate to be considered.

[0027] Thethree plates 2 havetothenbe placedalong-
side one another (see Figure 4) so as to make the corners
near points P5 and P5A of the first plate and of the second
plate mate with the corners near points P7 and P7A of
the second plate and of the third plate. The sizing method
in question must prevent the formation of irregularities at
the joint area of the corners, like for example, the step
visible in the enlargement of Figure 4.

[0028] For this purpose, the knowledge of the different
thicknesses (at points PO, P1, ..., P10) calculated for
each plate is so used to determine the sizing values that
all the plates, after sizing, have substantially the same
thickness value SF in the entire front zone, i.e. the zone
that will be visible to the user once the plates will be
placed alongside one another to form the worktop. Each
sizing value can be, in particular, equal to a difference of
thicknesses, i.e. the difference between each value SR
of the real thickness determined on the basis of the de-
tections and the value SF of the calibrated thickness that
at the end of sizing must be the same for all the plates.
[0029] Sizing may comprise, in particular, a material
removal task, for example removal by milling (see Figure
5), on the lower face of the plates that need to be cali-
brated. The tool used for this removal of material, for
example a milling unit 9 with vertical axis, can be carried,
in particular, by the operating unit 5 that carries the de-
tection unit 6. It is further possible to perform chamfering
tasks on the (upper and lower) horizontal corners of the
plates, for example by milling units 10 and 11, each of
which can be carried, in particular, by the operating unit
5 that carries the detection unit 6.

[0030] Ashasbeenseenfromthe specificembodiment
disclosed above, the machining method can comprise
the step a) of providing two or more plates each of which
comprises a first face F1, a second face F2 opposite the
first face F1 and a first side edge B1 that joins the first
face F1 to the second face F2. The first side edge B1 is
the side edge located frontally when the plate is imple-
mented to form a worktop (for example of akitchen). Each
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plate comprises at least one second side edge B2 that
joins the first face to the second face.

[0031] Thefirstside edge B1and the second side edge
B2 form a first corner S1 (a corner that is transverse to
the aforesaid faces, in particular a vertical corner, for ex-
ample the edge highlighted in the enlargement of Figure
4, i.e. the edge near the upper point P5, or the edge near
the upper point P5A, or the edge near the upper point
P7, or the edge near the upper point P7A when the plates
2 will be placed alongside one another such that the first
(upper) faces of the plates 2 define a continuous hori-
zontal flat surface of the worktop by making the respec-
tive first corners mate with one another (P5 with P5A
and/or P7 with P7A).

[0032] This machining method may comprise the step
b) of detecting, for each of the aforesaid plates 2, at least
one point (P5, or P5A, or P7, or P7A) of the first (upper)
face near the first corner S1 and at least one point (op-
posite P5, P5A, P7, P7A) of the second (lower) point near
the first corner S1.

[0033] This machining method may comprise the step
c) of calculating a first sizing value (for example the dif-
ference in thicknesses) on the basis of the detection of
the aforesaid four points (two on the upper face of two
plates and two on the lower face of the plates) in the
detecting step b). This machining method can comprise
the step d) of removing the material from a portion of the
firstface F1 and/or of the second face F2 (in these specific
embodiments, only of the second face F2) of atleast one
of the aforesaid plates 2 on the basis of the calculated
first sizing value.

[0034] The stepb) of detecting points near the first cor-
ner S1 may performed, in particular, by the detection unit
6 with at least the upper feeler 7 operating on the first
face of each plate 2 and at least the lower feeler 8 oper-
ating on the second point on each plate 2.

[0035] The C-shaped structure is rotatable around a
vertical rotation axis to facilitate the mobility of the feeler
means around the various faces of each plate.

[0036] This machining method may comprise, in par-
ticular, the step of detecting, for each plate 2 and for each
of the first and second (i.e. upper and lower) faces of the
respective plate, at least one intermediate point (for ex-
ample P2, P3, P4 for the first plate of the embodiment of
Figure 5, P6 for the second intermediate plate, P8 for the
third and last plate) that is further from the first corner
than the aforesaid point (P5, or P5A, or P7, or P7A) near
the first corner.

[0037] This machining method may comprise, in par-
ticular, for each plate 2, the step of calculating at least
one second sizing value (for example a difference of
thicknesses) on the basis of the detection of the aforesaid
intermediate points. This machining method may com-
prise, in particular, the step of removing material from at
least one portion of the second face of a plate on the
basis of the aforesaid second sizing value.

[0038] This machining method may comprise, in par-
ticular, the step of detecting, for each plate 2 and for each
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of the first and second (i.e. upper and lower) faces , at
least one point (for example P1, or P9) near a second
corner S2 (transverse to the aforesaid faces, in particular
a vertical corner) formed by the respective first side edge
B1 and by a third side edge B3 (in the embodiment of
Figure 5 each of the two end side edges of the worktop
of the kitchen obtained by moving plates 2 against one
another) that joins the respective first face with the re-
spective second face.

[0039] This machining method may comprise, in par-
ticular, for each plate 2, the step of calculating at least
one third sizing value (for example a difference of thick-
nesses) on the basis of the detection of the aforesaid
points near the second corner S2 and the step of remov-
ing material from at least one portion of the second face
on the basis of the third sizing value (in particular, as has
been seen in the specific embodiment disclosed before,
in order to obtain a uniform thickness SF for the entire
worktop).

[0040] This machining method may comprise, in par-
ticular, the step of detecting, for each of the aforesaid
first and second faces, of at least one plate 2, at least
one point (for example PO for the first plate of the em-
bodiment of Figure 5, P10 for the third and last plate)
near a third corner (that is vertical and/or transverse to
the aforesaid faces) defined by the aforesaid third side
edge B3 onthe side opposite the aforesaid second corner
S2.

[0041] This machining method may comprise, in par-
ticular, the step of calculating at least one fourth sizing
value (for example, a difference of thicknesses) on the
basis of the detection of the aforesaid points near the
third corner and the step of removing material from at
least one portion of the second plate face on the basis
of the fourth sizing value.

[0042] As said, the first sizing value may comprise, in
particular, a thickness of material to be removed on a
portion of the lower face of at least one of the plates near
the first corner S1. This thickness can be equal to a dif-
ference between the thicknesses of the two plates near
the respective first corners, such thicknesses being cal-
culated on the basis of the detection of the aforesaid
points near the first corner. Also the second sizing value
(just like the third sizing value and the fourth sizing value)
may comprise, in particular, a thickness of material to be
removed on a portion in an intermediate zone of the lower
face of the aforesaid plate. In this manner, removing ma-
terial from the lower plate face can be performed without
leaving steps and with a constant thickness SF. Also in
this case, the thickness to be removed can be the same
as or different from the thicknesses of the two plates,
such thicknesses being calculated on the basis of the
detection of the aforesaid intermediate points.

[0043] This machining method may comprise, in par-
ticular, for each plate 2, the step of arranging the plate
on a horizontal support plane. The arrangement of the
plates 2 can occur, in particular, sequentially, i.e. one
plate after the other. It is possible to provide the same
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support plane for two or more plates. The aforesaid step
b) of detecting the points can be performed, in particular,
when each plate 2 is arranged on the support plane. Itis
possible to provide for the plate 2 to be locked on the
support plane by the sucking means (suction cups 3).

Claims

1. Method of machining plates, comprising the follow-
ing steps

a) providing two or more plates (2) each of which
comprises a first face (F1), a second face (F2)
opposite to said firstface, afirstlateral edge (B1)
which joins said first face with said second face
and a second lateral edge (B2) which joins said
first face with said second face, said first lateral
edge and said second lateral edge forming a
first corner (S1),

said two or more plates (2) being intended to be
placed side by side so that the first faces of the
plates define a continuous horizontal flat surface
of aworktop by matching the respective first cor-
ners together;

b) detecting, for each of said two or more plates
(2), at least one point (P5; P5A; P7; P7A) of said
firstface (F1) close to the first corner and at least
one point on said second face (F2) close to the
first corner;

c) calculating a first sizing value based on the
detection of said at least four points in said de-
tection step;

d) removing material from said second face
and/or from said first face of at least one of said
two or more plates (2) on the basis of said first
sizing value so that, when said two or more
plates (2) will be placed side by side, a joint area
of the plates is regular by matching the respec-
tive first corners together.

2. Method according to claim 1, wherein said step b)
of detecting points close to the first corner (S1) is
performed by a detection unit (6) with at least one
upper feeler (7) operating on said first face of each
plate and at least one lower feeler (8) operating on
said second face of each plate.

3. Method according to claim 2, wherein said detection
unit (6) comprises a structure which carries said up-
per feeler (7) and said lower feeler (8) and which is
rotatable about a vertical rotation axis.

4. Method according to claim 2 or 3, wherein said upper
feeler (7) and said lower feeler (8) are mechanical

feelers.

5. Method according to claim 1, wherein said step b)
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of detecting points close to the first corner (S1) is
performed by a detection unit with a feeler moved
by two or more controlled axes associated with an
operating unit or by two or more controlled axes as-
sociated with said feeler and independent with re-
spect to other controlled axes associated with an op-
erating group.

Method according to any one of the preceding
claims, comprising the step of detecting, for each of
said two or more plates (2) and for each of said first
face and second face, atleast one intermediate point
(P2; P3; P4 ; P6; P8) which is further away from the
first corner than said point close to the first corner;
said method comprising, for each of said two or more
plates (2), the step of calculating at least one second
sizing value based on the detection of said interme-
diate points and the step of removing material from
said first face and/or second face based on said at
least one second sizing value.

Method according to any one of the preceding
claims, comprising the step of detecting, for each of
said two or more plates (2) and for each of said first
face and second face, at least one point (P1; P9)
close to a second corner (S2) formed by the respec-
tive first lateral edge (B1) and by a third lateral edge
(B3) which joins the respective first face with the re-
spective second face; said method comprising, for
each of said two or more plates (2), the step of cal-
culating at least one third sizing value based on the
detection of said points close to the second corner
(S2) and the step of removing material from said first
face and/or second face based on said at least one
third sizing value.

Method according to claim 7, comprising the step of
detecting, for each of said first face and second face
of at least one of said two or more plates (2), at least
one point (P0; P10) close to a third corner defined
by said third lateral edge (B3) on the opposite side
with respect to said second corner (S2); said method
comprising, for each of said two or more plates (2),
the step of calculating at least one fourth sizing value
based on the detection of said points close to the
third corner and the step of removing material from
said first and/or second face on the basis of said at
least one fourth sizing value.

Method according to any one of the preceding
claims, comprising the step of arranging each plate
(2) on a horizontal support plane, in particular on the
same support plane, and of performing said step b)
of detecting when each plate is arranged on the sup-
port plane, wherein said step of arranging comprises
locking each plate (2) by means of suction means.

10. Method according to any one of the preceding
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1.

claims, wherein said first sizing value comprises a
thickness of material to be removed equal to a dif-
ference between the thicknesses of the two plates
calculated on the basis of the detection of said points
close to the first corner in said step b) of detecting.

CNC machining center comprising at least one sup-
port surface on which to place at least one plate, a
portal (4) arranged above said support surface, at
least one operating unit (5) carried by said portal and
movable above said support plane along at least
three controlled axes, in particular at least two or
three controlled linear axes and at least one or two
controlled rotation axes, at least one tool holder car-
ried by said operating unit (5), at least one detection
unit (6) removably coupled with said tool holder or
with a slide coupled with said portal (4), and elec-
tronic control means configured to control said op-
erating unit and/or said slide so as to perform a ma-
chining method according to any one of the preced-
ing claims.
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